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Shidlovsky  in  his  memorable  treatise  entitled  Fundamentals  of 
Pyrotechnics  (Ref  1)  appearing  in  the  Russian  book  Osnovy  Piroteckhniki 
(1964)  states: 

"The  combustible  substances  used  in  pyrotechnic  compositions 
must  satisfy  the  following  basic  requirements: 

1 . They  must  have  a heat  of  combustion  providing  for 
the  best  special  effect  of  the  composition; 

2.  They  must  oxidize  adequately  by  means  of  the  oxygen 
in  the  oxidizer  c * by  means  of  the  oxygen  in  the  air . 

3.  They  must  give  products  in  combustion  that  provide 
for  obtaining  the  best  special  effect  of  the  composition, 

4.  They  must  require  the  minimum  quantity  of  oxygen 
for  their  combustion; 

5.  They  must  be  chemically  and  physically  stable  in  the 
temperature  interval  from  -60  to  +60°C,  and  be  as  stable  as  possible  to 
the  effect  of  weak  solutions  of  acids  and  alkalis; 

6.  They  must  be  nonhygroscopic; 

7.  1 hey  must  be  easily  pulverized; 

C.  They  must  not  have  any  toxic  effect  on  the  human 

organism; 

9.  They  must  be  easily  obtainable  materials  that  are 
not  in  critically  short  supply." 

If  we  examine  the  chemical  and  physical  properties  of  the  various 
metals  available,  we  arrive  at  the  fact,  as  also  pointed  out  by  Shidlovsky, 
that  the  following  six  substances  constitute  high  energy  combustibles: 
lithium,  beryllium,  magnesium,  calcium,  aluminum,  titanium,  and 
zirconium.  If  we  apply  Shidlovsky's  criteria,  lithium  and  calcium  are 
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unusable  pyrotechnic  fuels  because  of  their  energetic  reactivity  to  the 
moisture  and  oxygen  of  the  air.  Beryllium,  as  always,  is  avoided  because 
of  its  extreme  toxicity.  Titanium  and  zirconium  are  used  in  igniter  and 
delay  applications  rather  than  flares  because  of  their  high  cost.  Conse- 
quently we  are  left  with  magnesium  and  aluminum. 

Classically,  magnesium  is  superior  to  aluminum  as  a pyrotechnic 
fuel  for  two  reasons.  First,  magnesium  does  not  have  a protective  oxide 
coating  but  aluminum  does.  Second,  magnesium  has  a higher  vapor 
pressure  than  aluminum,  as  shown  below,  which  allows  it  to  vaporize 
rapidly  and  to  be  oxidized  by  the  oxygen  of  the  air.  Aluminum  vaporizes 
with  difficulty  and  is  generally  spewed  out  of  the  flare  as  incandescent 
particles. 


Vapor  Pressure 


MetaJ 

1 Torr 

10  Torr 

760  Torr 

Mg 

621°C 

7H3°C 

1 107°C 

Al 

1284°C 

1487°C 

2056°C 

In  the  following  report,  the  possible  use  of  atomized  aluminum  powder- 
additive  systems  as  a potential  alternate  fuel  for  magnesium  is  discussed. 
This  study  shows  that  a substitute  aluminum  based  formulation  has  been 
developed  which  exceeds  the  minimum  performance  requirements  of 
35,000  candles  for  55  seconds  in  the  M49A1  trip  flare.  This  composition 
contains  35%  six  micron  atomized  aluminum,  53%  sodium  nitrate,  7%  seven 
micron  tungsten  powder  and  5%  Laminae  4116  polyester  resin. 

The  two  basic  advantages  of  aluminum  over  magnesium  are  cost 
(38  cents  per  pound  as  compared  to  85  cents  for  20/50  mesh  atomized 
magnesium)  and  ready  commercial  availability. 

The  disadvantages  of  the  aluminum  system,  when  exposed  to  moisture, 
are  significant  gassing,  possible  self-ignition.  By  careful  exclusion  of 
moisture  during  processing,  this  phenomenon  can  be  eliminated,  as  was 
demonstrated  by  long-term  storage  stability  testing. 


INTRODUCTION 


The  present  study  was  conducted  to  determine  if  a composition 
could  be  developed  for  the  Army  M49A1  trip  flare  containing  aluminum 
as  a substitute  for  magnesium.  The  primary  justification  for  this  program 
was  based  on  cost  and  availability  of  aluminum  as  opposed  to  magnesium. 
Atomized  magnesium  powder  is  primarily  produced  for  pyrotechnic  appli- 
cations. while  powdered  aluminum  is  mass-produced  for  a host  of  applica- 
tions ranging  from  pigments  in  paints  to  energy  constituents  in  propellants 
and  explosives . 

Although  the  study  was  directed  primarily  toward  the  trip  flare,  it 
delves  into  all  aspects  of  flare  technology.  For  example  investiga'ions 
were  made  of  the  effects  of  particle  size,  fuel-oxidant  ratio,  binder  con- 
centration, additives,  fuel  coating,  flare  case  materials,  flare  case  coatings, 
moisture,  and  short  and  long-term  stability. 

Previously,  aluminum  was  not  considered  to  be  a good  fuel  for  flare 
applications  since  mixtures  of  atomized  aluminum  (diameter  > 15p)  and 
sodium  nitrate  ignite  poorly,  propagate  poorly,  and  burn  very  erratically 
and  inefficiently.  One  of  the  reasons  for  the  inefficiency  of  the  AI/NaNO, 
system  is  that  it  produces  a profusion  of  incandescent  particles.  This 
Roman  Candle  effect  makes  the  flare  an  incendiary  device  as  well  as  an 
illumination  source.  This  incendiary  aspect  is  very  undesirable,  possibly 
causing  harm  to  users  and  starting  ground  fires. 

A few  years  ago,  however,  it  was  demonstrated  that  powdered 
aluminum  in  combination  with  sodium  nitrate  (Ref  2,3)  will  burn  pro- 
pagatively  when  small  quantities  of  various  transition  metals  or  metal 
compounds  are  incorporated  into  the  mixture.  These  studies  showed  that 
the  transition  metal  compounds  affecting  the  AI/NaNOs  reaction  fell  into 
five  classes.  Class  1 compounds  are  those  which  increase  the  efficiency 
of  the  system  by  decreasing  the  thermal  conductivity  of  the  basic  binary. 
Class  2 compounds,  consisting  of  manganese  oxides,  catalyze  the  normal 
decomposition  of  sodium  nitrate  to  evolve  oxygen  at  low  temperatures. 
Compounds  which  cause  ignition  of  aluminum  at  about  700°C  (a  value  well) 
below  its  normal  ig  lition  temperature  of  1000°C)  are  in  Class  3.  Class  4 
embraces  transition  metals  which  ignite  with  sodium  nitrate  at  lower 
temperatures  than  aluminum.  Finally,  Class  5 compounds  are  those  which 
alter  the  normal  decomposition  pattern  of  sodium  nitrate,  causing  the 
evolution  of  the  oxides  of  nitrogen  at  the  melting  point  of  the  nitrate. 
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RESULTS  AND  DISCUSSION 


As  stated  in  the  Introduction,  previous  studies  showed  that  the 
combustion  properties  of  AI/NaNOs  compositions  can  be  dramatically 
improved  by  the  addition  of  certain  additives  (Ref  2,3) . Since  an 
inefficient  Mg/NaNOs/Laminac  composition*  is  presently  employed  in  the 
M49A1  trip  flare  (higher  candlspower  apparently  not  required) , it  was 
not  difficult  to  meet  the  basic  trip  flare  requirements  of  35,000  candles 
and  minimum  burning  time  of  55  seconds. 

The  performance  characteristics  of  the  basic  Al  /NaNOs/2%  MnCO, 
(previously  found  to  be  the  best  additive  system)  and  the  total  system 
AI/NaNOj/2%  MnCOj/5%  Laminae  binder  4116  were  gathered  from  Reference 
2 and  are  presented  in  Table  1 . To  simplify  the  analysis  of  this  data,  a 
comparison  of  the  absolute  values  of  the  various  performance  character- 
istics is  presented  in  Table  2 together  with  percentage  changes  in  the 
parameters  v respect  to  the  basic  binary  system.  It  is  seen  that  the 
additive  MnCJj  produced  marked  reductions  in  burning  rates  and  caused 
sizeable'irfcreases  in  fight  output  and  efficiencies.  One  interesting  and 
unfortunate  finding  was  that  the  addition  of  Laminae  binder  reduced  the 
beneficial  effects  of  the  MnCOj  . 

A series  of  AI/NaNOj/2%  MnCOs/5%  Laminae  compositions  were 
loaded  into  paper  and  aluminum  trip  flare  cases.  The  cases  were  coated 
internally  with  a variety  of  case  coatings.  The  purpose  of  these  experi- 
ments was  threefold.  First,  to  see  if  the  performance  characteristics 
obtained  were  comparable  to  those  previously  obtained  with  flares  made 
in  1968  (Ref  2) . Second,  to  determine  the  effect  of  case  material  on  per- 
formance characteristics.  Finally,  to  determine  if  the  Laminac/asbestos 
coating  is  the  optimum  insulator  for  use  with  the  metal  trip  flare  case. 

The  performance  characteristics  obtained  in  these  tests  are  presented  in 
Tables  3a  through  3d. 


*A  composition  employing  Mg/NaNOj /Laminae  ir  respective  proportions 
of  65/25/10  will  provide  154,000  candles  for  essentially  40  seconds  duration 
and  an  efficiency  of  46,000  candleseconds/gram. 
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As  previously  stated,  the  first  goal  was  to  determine  how  the 
characteristics  of  ti  e present  flares  compared  to  those  made  six  years 
ago.  Table  4 makes  this  comparison  and  shows  that  the  performance 
characteristics  of  the  flare  are  quite  comparable,  especially  in  their 
luminous  efficiencies. 

The  second  goal  of  these  experiments  was  to  determine  the  effects 
of  the  two  different  flare  cases.  Table  5 shows  the  performance  character- 
istics obtained  using  Kraft  paper  cases  versus  aluminum  cases.  The 
metal  cases  used  are  those  employed  to  make  M49A1  production  items. 
These  cases  are  extruded  and  have  a wall  thickness  of  1/16  inch.  The 
data  in  Table  5 shows  two  interesting  facts.  First,  changing  the  case 
from  paper  to  aluminum  results  in  only  a 15%  reduction  in  the  luminous 
output  of  the  flares.  In  fact,  the  luminous  output  was  only  minimally 
affected  using  aluminum  cases,  regardless  of  case  liner  material. 

Second,  and  more  important,  nearly  equivalent  burning  rates  were 
realized  in  both  paper  and  metal  cases, provided  that  an  excellent  in- 
sulating liner  such  as  Laminac/asbestos  was  employed.  When  either 
Viton  A or  Laminae  was  used,  the  total  achievable  time  was  reduced  from 
~ 100  to  s 59  seconds.  This  demonstrates  that  without  an  insulator,  heat 
is  transferred  down  the  metal  tube  causing  preheating  and  rapid  burning 
of  the  composition.  Furthermore,  the  data  of  Table  5 presents  an  unusual 
case  in  flare  behavior.  Normally,  an  increase  of  nearly  50%  in  the  burning 
rate  of  a flare,  such  as  that  occurring  when  changing  from  Kraft  paper  to 
Laminae  coated  aluminum,  would  have  resulted  in  a significant  increase 
in  luminous  output.  In  the  present  case,  however,  this  did  not  occur. 

The  luminous  output  remained  approximately  the  same. 

The  next  step  in  the  program  was  to  determine  if  MnCOs  was  the 
best  additive  for  the  Al/NaNOj  system  when  using  an  aluminum  case  as 
it  was  for  a paper  case.  Using  the  efficient  40/48  AI/NaN03  system  as  a 
base,  a number  cf  formulations  was  made  and  loaded  containing  the 
following  additives  {based  on  previous  studies.  Ref  2 and  3) : 5%  ferric 
oxide  (red) , 5%  chromium  sesquioxide,  7%  tungsten  powder,  and  3% 
magnanese  carbonate.  The  performance  characteristics  obtained  with 
these  formulations  are  presented  in  Table  6.  The  data  obtained  shows 
that  all  of  the  compositions  produced  candlepower  values  in  excess  of 
35,000  candles,  the  minimum  requirement.  During  these  tests,  a 
significant  observation  was  made.  The  flares  containing  ferric  oxide  and 
tungsten  exhibited  a marked  reduction  in  the  amount  of  incandescent 
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particles  ejected.  In  view  of  this  result,  as  well  as  the  candlepowers 
produced,  ferric  oxide,  tungsten  and  chromium  sesquioxide  were 
selected  for  further  evaluation..  New  additive  formulations  were  made 
using  reduced  percentages  of  aluminum  powder  in  order  to  increase  the 
burning  time  of  the  systems.  The  performance  characteristics  obtained 
for  these  new  formulations  are  presented  in  Table  7 and  show  that  several 
of  the  systems  give  outputs  meeting  the  minimum  requirements  of  the 
M49A1  flare.  Based  upon  these  results  as  well  as  visual  evaluation,  the 
compositions  employing  7%  tungsten  powder  (FY-1639)  and  5%  ferric  oxide 
(FY-1634)  were  chosen  as  prime  candidates  for  the  M49A1  flare.  Recon- 
firmation tests  of  these  two  systems  showed  that  the  tungsten  system  gave 
the  same  results  but  the  ferric  oxide  one  did  not.  it  was  discovered  that 
the  change  in  the  performance  characteristics  of  the  ferric  oxide  system 
was  due  to  the  use  of  a new  lot  of  material.  From  a purely  cost  advantage, 
it  would  be  more  desirable  to  use  ferric  oxide  than  tungsten.  Consequently, 
some  efforts  were  expended  to  characterize  the  old  and  new  ferric  oxides. 

An  X-ray  analysis  of  the  original  material  showed  the  presence  of  10% 
silicon  dioxide  (alpha  quartz  form) , while  the  new  material  contained  no 
silicon  dioxide. 

Table  8 presents  the  results  of  experiments  to  determine  if  other 
forms  of  ferric  oxide  or  ferric  oxide  plus  silicon  dioxide  (Superfloss, 
Johns-Manville  Company)  could  be  employed  to  produce  desirable  per- 
formance chr  racteristics  . It  was  found  that  the  jeweler's  rouge  form  of 
ferric  oxide,  as  well  as  silicon  dioxide  (Superfloss) , gave  performance 
characteristics  approaching  that  of  the  composition  containing  unknown 
grade  ferric  oxide.  However,  these  systems  were  abandoned  because 
both  of  them  did  not  reduce  the  profuse  production  of  incandescent 
aluminum  particles.  It  was  decided  to  continue  the  investigation  using  the 
tungsten  formulation  because  of  its  superior  performance  characteristics. 

A comparative  investigation  was  next  conducted  using  a lower  cost 
atomized  aluminum  obtained  from  the  Alcoa  Corporation.  This  material 
costs  $0. 38/lb  per  450  pounds  whereas  the  Alcan  material  previously 
employed  was  in  excess  of  $1. 00/lb.  The  results  of  this  comparison  are 
presented  in  Table  9 and  show  that  the  lower  cost  Alcoa  aluminum  gave 
performance  characteristics  comparable  to  the  more  expensive  8n  Alcan 
aluminum . 
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Before  subjecting  the  tungsten  additive  system  to  the  necessary 
storage  and  safety  tests,  a final  attempt  was  made  to  further  improve 
the  luminous  efficiency  of  the  AI/NaNOj/W  system  by  adding  small 
percentages  of  20/50  mesh  atomized  magnesium.  As  Table  10  shows,  the 
addition  of  5%  or  10%  atomized  Mg  did  not  produce  any  increase  in  the 
efficiency  of  the  system  while  resulting  in  slightly  increased  burning 
rates.  This  data  did  not  indicate  any  advantage  in  utilizing  Mg  in  the 
AI/NaNOj/W  system. 

The  finalized  35/53/7/5  Ai/NaNOj/W/Laminac  system  was  loaded 
into  M49A1  flare  cases  and  then  incorporated  into  final  end  items.  Two 
groups  of  these  end  items  W€"e  subjected  to  two  temperature  extremes 
for  16  hours.  One  group  was  maintained  at  75°C  (hot) , while  the  other 
was  kept  at  -54PC  (cold)  . After  conditioning  at  these  temperatures,  the 
flares  were  examined  visually  and  their  performance  characteristics 
determined.  Table  11  shows  that  no  deleterious  results  occurred  due  to 
conditioning  at  these  extreme  temperatures  . 

Standard  sensitivity  characteristics  were  determined  for  the 
AI/NaNOj/W/Laminac  system.  The  values  obtained  are  as  follows. 

Impact  test,  PA  apparatus  -*•  21  inches 

Friction  pendulum,  steel  shoo  -*•  no  action 

Electrostatic  initiation,  minimum  joules  -*>  >11 .025 

Ignition  temperature,  five  second  value  -*•  564°C 

The  sensitivity  values  obtained  indicate  that  only  normal  safeguards  are 
required  during  blending  and  loading  operations. 

A series  of  M49A1  trip  flares  were  loaded  using  FY-1639  composition 
(35%  atomized  Al,  53%NaN05,  7%W,  and  5%  Laminae  resin  binder) . This 
group  of  flares  was  placed  in  storage  for  four  months  at  both  ambient  and 
75° C.  Table  12  shows  the  results  obtained  at  monthly  intervals  over  the 
four-month  period.  The  data  obtained  clearly  indicates  that  no  degradation 
occurred  in  the  performance  characteristics  of  the  Al  composition  during 
this  extended  storage  period. 


GASSING  AND  SELF-HEATING  OF  AI/NaNO,  COMPOSITIONS 


One  of  the  basic  properties  of  pyrotechnic  compositions  leading  to 
instability  in  storage  >s  their  reactivity  to  moisture.  The  troublesome 
gassing  occurring  in  Mg  systems  is  attributable  to  the  well  known  reaction: 


5 Mg  + NaNOj  + 8 H,0  -*•  5 Mg  (OH)a*  v Hat  + NH,  t + NaOH  (1) 

This  reaction  is  the  summation  of  the  following  two  fundamental  ones: 

Mg  + 2HaO  t + Mg  (OH)a  i (2) 

and  4 Mg  + NaNO,  + 7 HaO  -*■  4 Mg  (OH)a  * NH4OH  + NaOH  (3) 

It 

NHst  + HaO 

The  generation  of  NHS  and  Ha  gases  by  Equation  1,  of  course,  is  greatly 
accelerated  with  increasing  temperature.  Muni.ion  items  in  extended 
storage  often  suffer  damage  such  as  ruptured  closure  seals  and  spl  it 
cases  due  to  this  unwanted  generation  of  gases. 

The  gaseous  as  well  as  thermal  output  of  reaction  1 is  moderated 
by  the  insolubility  of  the  magnesium  oxide  in  the  increasing  alkalinity  of 
the  medium  resulting  from  the  products  of  NaOH.  This  growing  insolubility 
follows  from  the  rudimentary  equilibrium  process  shown  by  the  following 
equation. 

Mg  (OH)  a +-  Mg++  + 20H'  (4) 

As  the  concentration  of  the  OH"ion  increases,  the  equilibrium  shifts  to 
the  left  favoring  the  formation  of  the  protective  coating  or  at  least  satur- 
ating the  solution  with  Mg(OH)a,  thereby  preventing  dissolution  of  the 
metal  coating. 

Consider  now  the  case  of  aluminum.  The  reaction  of  Al  with 
moisture  and  sodium  nitrate  is  shown  in  the  following  equation. 

3NaNOs  + 8 AT  + 18  HaO  -*•  3NaOH  + 8 Al  (OH),  + 3NH,  t (5) 
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Unlike  the  Mg  reaction,  the  aluminum  oxide  coating  and  AI(OH),  formed 
are  quite  soluble  in  the  resulting  alkaline  medium.  Consequently, 
reaction  5 which  produces  NHS  (probably  also  some  H2  by  the  reaction 
2AI  + 6H20  -»  2AI  (OH)  3 + 3H2  t ) and  heat  proceeds  at  an  accelerating  rate. 
This  latter  process  eventually  causes  extensive  self-heating  and,  under 
certain  conditions,  spontaneous  ignition  of  the  composition. 

The  Al  composition  developed  in  this  program,  FY-1639,  exposed 
to  an  uncontrolled  ambient  environment  for  a few  days,  generated 
(11  +)ml  of  gas  in  five  minutes  duration  at  120°C  temperature  using  the 
standard  vacuum  stability  test.  When  another  sample  of  this  composition 
was  dried  at  105°C  for  16  hours  prior  to  conducting  the  vacuum  stability 
test,  only  0.35  ml  of  gas  was  produced  after  40  hours  at  120°C.  This 
result  demonstrates  that  a stable  Al  composition  can  be  processed  and 
loaded  by  rigorous  exclusion  of  moisture. 

Table  13  summarizes  data  obtained  from  the  Alcoa  Corporation 
which  shows  the  amount  of  gas  produced  by  refluxing  powdered  aluminum 
in  a 20%  ammonium  nitrate  solution.  This  data  shows  the  effect  of 
changing  the  particle  size  on  gassing  and  how  this  gassing  can  be  signifi- 
cantly reduced  by  coating  the  metal  with  isostearic  acid.  When  isostearic 
acid  coated  aluminum  was  employed  in  the  FY-1639  formulation,  however, 
it  was  found,  as  shown  in  Table  14,  that  a marked  reduction  occurred  in 
both  candlepower  and  efficiency.  For  example,  the  candlepower  was 
reduced  from  50,000  to  31,000  candles  and  the  efficiency  went  from  17,000 
to  12,000  candleseconds/gram.  Consequently,  the  more  feasible  method 
to  eliminate  gassing  is  rigorous  drying  rather  than  coating  the  metal. 

Although  the  gassing  of  the  aluminum/sodium  nitrate  composition 
is  an  annoying  problem,  the  more  serious  danger  is  that  of  self-heating 
leading  to  spontaneous  ignition.  A good  discussion  of  this  phenomenon 
is  given  by  Johansson  and  Persson  in  the  Swedish  journal  Pyrotechnikdogen 
(Ref  4)  . 

Figure  1 shows  the  DTA  of  a simple  45/55  Al”  (6p)/NaNOs  composition 
which  had  been  conditioned  at  52%  RH  for  six  days.  As  is  seen,  the  pattern 
is  quite  complex  having  three  primary  exotherms  at  approximately  135°C, 
690°C,  and  915°C.  The  last  exotherm  resulted  in  ignition.  When  the  same 
AI/NaNOj  composition  was  conditioned  at  a higher  RH  of  79%  for  the  same 
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length  of  time,  six  days,  a different  DTA  pattern  resulted  as  shown  in 
Figure  2.  Here  the  small  exotherm  at  135°C  grew  tremendously  in  intensity, 
and  ignition  occurred  at  the  second  exotherm  at  690°C.  With  increased  mass 
and  confinement,  ignition  occurs  easily  in  '.he  region  of  the  first  exotherm, 
at  temperatures  as  low  as  60°C  to  70°C. 

Figure  3 shows  that  the  exotherm  at  135°C  is  solely  dependent 
upon  moisture  content.  In  the  DTA  (a) , no  exotherm  appears  for  a 
perfectly  dry  AI/NaNOs  sample.  Some  activity  begins  to  appear  in  run 
(b)  when  the  same  AI/NaNOs  composition  is  exposed  to  a 79%  RH 
atmosphere  for  22  hours.  Finally,  the  DTA  in  (c)  clearly  shows  the 
dramatic  growth  of  the  exotherm  using  a sample  which  had  been  exposed 
to  a 79%  RH  atmosphere  for  66  hours  . 

In  another  program  design  to  furnish  a highly  exothermic  compo- 
sition for  rocket  assisted  projectiles,  an  Al  composition  was  developed 
containing  the  additive  MnCOs.  This  highly  metalized  composition  con- 
tained 85/10/2/5  Al  (6p.)/NaNOs/MnCOs/Viton  A.  Figure  4 presents  the 
DTA  behavior  for  the  basic  composition  which  had  been  conditioned  at 
50%  RH  for  five  weeks.  This  composition  exhibited  no  low  temperature 
exotherm  and  ignited  immediately  following  the  melting  of  NaNO,  at 
approximately  300°C.  This  ignition  behavior  is  peculiar  to  aluminum/ 

NaN03  systems  containing  additives  such  as  inorganic  fluorides  (e.g  . , 

NaF)  and  organic  fluorides  (e.g.  Viton)  . It  has  been  hypothesized  by 
many  that  at  the  melting  point  of  NaNOs , the  additive  either  removes 
and/or  makes  the  aluminum  oxide  protective  coating  permeable  so  that 
an  immediate  reaction  occurs  between  the  clean  Al  surface  and  the 
molten  oxidant. 

When  this  additive  composition  was  exposed  to  a 90%  RH  atmosphere 
for  five  weeks,  the  same  low  temperature  exotherm  occurred  as  with  the 
AI/NaNOj  binary.  This  phenomenon  is  clearly  seen  in  Figure  5.  Con- 
sequently, it  appears  that  the  presence  of  moisture  sensitizes  simple  as 
well  as  complex  AI/NaNOs  systems.  Studies  are  presently  being  con- 
ducted to  determine  the  nature  of  the  intermediate  which  causes  the  low 
temperature  ignition  of  AI/NaNOs  systems.  This  intermediate  is  probably 
NaOH  which  reacts  exothermaily  with  both  Al  and  its  protective  coating. 


CONCLUSIONS 


A formulation  has  been  developed  for  use  in  the  U.S.  Army  Trip 
Flare  which  utilizes  aluminum  instead  of  magnesium  for  a fuel . This 
composition  contains  35%  six  micron  atomized  aluminum,  53%  sodium 
nitrate,  7%  seven  micron  tungsten  powder  and  5%  Laminae  4116  polyester 
resin. 


Two  basic  advantages  of  the  new  aluminum  system  are  cost  (38  cents 
per  pound  for  aluminum  as  compared  to  85  cents  a pound  for  20/50  mesh 
atomized  magnesium)  and  rea«'y  commercial  availability. 

The  disadvantages  of  the  aluminum  system  are  gassing  and  self- 
heating which  occur  when  it  is  exposed  to  excess  moisture.  By  careful 
exclusion  of  moisture  during  processing,  however,  these  effects  can  be 
eliminated  as  was  demonstrated  by  long-term  storage  stability  testing. 

EXPERIMENTAL  PROCEDURE 


Blending 

The  compositions  cited  in  this  report  were  blended  in  a Lancaster 
counter- current  mixer,  model  PC,  which  imparts  a mulling-type  action 
to  the  constituents  of  the  blend.  The  sodium  nitrate  was  dried  for  24 
hours  at  110°C  prior  to  use.  The  resultant  flare  compositions  were  dried 
in  trays  containing  a one-inch  thickness  of  composition  for  a minimum  of 
16  hours  at  105°C. 

Loading 

Each  composition  was  loaded  in  four  equal  increments  at  a pressure 
of  10,000  psi.  Ten  grams  of  DP-1886  igniter  composition  (65%  five  micron 
tungsten  powder,  24%  barium  chromate,  10%  potassium  perchlorate  and 
1%  Vinyl  Alcohol  Acetate  Resin  MA-28-18)  were  used  as  the  first  fire. 

Ten  grams  of  Laminae  coated  fireclay  were  used  as  an  inert  charge  at  the 
bottom  of  the  Kraft  paper  cased  flares.  The  interior  walls  of  the  flare 
cases  were  coated  with  the  materials  indicated  in  the  tables. 
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filial  l 


Testing 


Light  measurements  of  the  flares  were  determined  in  accordance 
with  MIL-P-20464  except  that  a black  background  was  used  instead  of  a 
white  one. 


LIST  OF  MATERIALS  USED 


Aluminum  powder,  atomized.  Lot  No.  1072,  average  particle  diameter 
6. 2 microns.  Aluminum  Company  of  Canada 

Aluminum  powder,  atomized.  Lot  No.  1401,  average  particle  diameter 
8.0  microns.  Aluminum  Company  of  America 

Sodium  nitrate,  double  refined,  USP  grade,  average  particle  diameter 
35  microns,  Davies  Nitrate  Company 

Tungsten  powder.  Lot  No.  6154D,  average  part'  ie  diameter  6.7  microns. 
General  Electric  Company 

Magnesium  powder,  atomized,  20/50  mesh.  Specification  MIL-P-14067B, 
Hart  Metals  Incorporated 

Ferric  oxide,  red,  unknown  grade,  lot,  company 

Ferric  oxide,  jeweler's  rouge,  catalogue  No.  1-115,  average  particle 
diameter  0.6  microns,  Fisher  Scientific  Company 

Ferric  oxide,  reagent  grade,  catalogue  No.  1-116,  average  particle 
diameter  0.5  microns,  Fisher  Scientific  Company 

Chromium  sesquioxide.  Lot  32194,  average  particle  diameter  2 microns, 
J.T.  Baker  Chemical  Company 

Sodium  fluoride,  S-299,  average  particle  diameter  8.6  microns,  Fisher 
Scientific  Company 


12 


m 


K! 


m 


K 

I 


Superfloss  (SiO*},  Johns-Manv! lie  Company 
C.ab-O-Sil  (S'Oj),  MS-7,  Cabot  Corporation 


Magnesium,  atomized,  30/50  mesh.  Specification  MIL-P-14067B , Hart 
Metals  Incorporated 


Laminae  polyester  resin  4116,  American  Cyanamid  Company 
Vinyl  alcohol  acetate  resin,  MA-28-18,  Palmer  Cement  Company 
Viton  A fluorocarbon  resin,  Dupont  Chen  -cal  Company 


Asbestos  powder,  technical  grade.  Lot  No  >1971,  Fisher  Scientific 
Company 
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Comparison  of  past  and  present  performance  cnaracierisncs 
of  AI/NaNOs/2%  MnCOs/5%  Laminae  compositions 
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Fig  3 Development  of  135°C  exotherm  in  AI/NaNO,  compositions  exposed  to  increasing  amounts 
of  moisture,  ail  DTA's  employed  2 g samples  of  45/55  AI/NaNO,  at  heating 
rate  of  9.6°C/min,  X-axis  = 5.0  mv/in.,  Y-axis  - 0.5  mv/in. 
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showing  the  thermal  behavior  of  a complex  AI/NaNOs  system 
conditioned  at  50%  RH 
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